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In«,roduc1.ion 

CcnvEiir*  has  st^iidied,  and  Is  cGntinu''ng  to  8tud,v,  tho  problea  of  develop- 
ir\4;  a ion^j  ranpe,  hyp'Croon.a,  offensive  rcloeile  (Atlac).  Their  stiuiies  have 
proinrted  them  tc  adopt  a tl»arp,  lont',  cccic-ehaped  nicb-ile  that  is  roclcet 
jropalled  onl^'  during  the  initial  stages  oi  flight  - tba  kiDetlo  enei'gjr  attainod 
during  this  period  being  rere  tliar.  eufficiont  to  gel  the  laiseile  to  the 
target.  Ihs  aiesile  would  L'ollov  a parabolic  (bnllistie)  tra.'sctcary  irlth  tije 
axis  of  the  niscilo  pai^allel  to  the  velocity  vectOT  (the  strtunllne  attitude) 
at  Dll  tines,  reentering  the  atiiiocpiiei’e  at  en  angle  of  23®  from  the  local 
IXiTlsontal.  Under  suc.2'  ccnditiocic,  csleulationb  made  at  Convair  indiecte  that, 
if  this  noGc-  CO  le  rricf?ila  reenters  the  at'-xjsphere  at  an  altitudo  cf  34'^, 000 
ft  and  with  u velocity  of  ft/tec,  tlie  velocity  of  the  aionile  vill  be 

reduced  to  approx  I js?itely  20,  000  f t/eoc  at  the  tine  the  iaiaeile  reachac  sea 
iovel  by  the  aerof'Nnwt-iiu  drag  forces  vihich  the  miesllc  experiunces  aa  ’ t 
eiitcru  and  trirough  the  /'onser  portlciie  of  tho  at£jocphar«, 

Dccaisa  cf  tiic  high  tpiC^'-Je  (v^l^,‘;0C  f*-/Dec)  there  arc  large  strict ural 
loadings  cxi  ttiO  'r.tesUG,  high  tertperoturon  and  large  teraperaturc  gradients  on 
tho  surface  of  the  laiftcile  and  a coniT^''rativdly  high  wte  of  erosioii  of  the 
miselle  o irfccc;  the  ua-xlmuni  vrlues  cf  t!.a  tcifxjrcxur**,  tenperatur«  gradient 
ai^d  loading  icc  xing  near  sea  level,  approx iruitely  at  the  tiltitudc  of  detonstitn. 
"onvair  prssor.tly  proixases  n oonjplieated  trHnppiratlon  coclinc  system  to 
eilevlato  wi.e  surface  difficulties,  to  add  more  structure  for  the  loading,  and 
to  add  ixiru  Inculction  to  overcome  the  erocion  problem.  All  of  theoe  oolutlone 
add  non-pay' load  vifo'gi.t  and/or  add  coffideritles  tc  the  system. 

The  magnitu'es  of  the  aforeoentioned  design  probieias  la&y  be  taken  to  be 
in.dic'itivo  of  the  diificulty  of  tnoir  solution.  Xhuu,  Convair ’c  proposed 
transpiration  cooling  .Gysten  ic  indicative  of  the  veit  high  surface  teepera- 
tures  iiivolvcd.  If  it  were  possible  to  l*cp  this  tear«r«tiire  below  a certain 
levGl,  7/hich  -would  still  he  considered  a fairly  high  tearierat'jre,  then  th* 
addition  of  ticre  ineulatioii  might  also  be  a colution,  which  is  nrcch  sinpler 
than  th«3  transpiration  cooling  eystcni  solution.  Aico,  Convair'e  conrp-utatlons 
indicate  that  the  roionlle  would  experience  a load  of  25g'.a  durinc  the  flight. 

.‘'uch  decelerations  place  very  difficult  design  require.»acnie  an  tiw  electronic 
e',uipiaent,  and  peidisps  even  on  the  i^ayload.  An  upper  limit  to  xiie  laagnitude 
of  the  loading  exieriencod  by  the  miaelle  vne  set  nt  15g'G  to  case  those 
design  requirements. 

The  megnitudee  of  tenperatuxe,  loading,  etc  are  proportional  to  the 
product  of  the  oil*  density  a;  ».iisoIle  altitude  and  th©  square  of  the  velocity 
of  the  missile.  Thus  these  problenis  beooinc  raoz*e  critical  at  lower  altitudes. 

To  ease  thes'u  jiroblcans  the  velocity  of  the  nieslle  at  these  lower  altitudec 
must  be  roducau.  If  oiic  is  to  cimplify  the  proposed  Convair  solutions  and  to 
keep  within  tho  ir^g  loading  lijrJt,  the  velocity  at  a lower  altitude  must  be 
leas  than  the  vulocity  oo753i«tod  by  Convair  at  the  corresponding  altitude.  ni«x*efore, 
i*  study  was  begun  to  dstermine  the  feasibility  of  gcrttir.i-  'iov.er  velocities  in 
ilia  denser  portions  of  the  atcvospliore . 

^Convair,  Project  Adas  r 'jrTxiry  Report,  ZJI--7-CCL1  Jari,  19^2,  Vols.  I and  II. 
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chapter  I 


HmoDs  OF  RSDucaia  veldcitt  or  mssiue  ih  tihjiinai.  phase  of  nicHT 

• 

0»9  can  raduoa  initial  velocit^r  of  th*  oiMila  »o  that  tha  velocity 
during  the  final  stagea  la  lower,  and  thereby  gain  tha  deaired  end.  Boeever, 
the  Initial  velocity  la  determined  by  faotore  otheh  than  high  loadixiga,  high 
t^^peraturea,  etc.  and  ao  the  Initial  velocity  cannot  be  altered  appreciably. 

A aecond  nethod  la  to  inorceae  the  drag  at  the  higher  altltudaa,  ao  that 
lover  dceeleratione  irill  be  experienced  in  tha  v1<Hiacr  ataoapbarc.  TMa  xaetbod 
dependa  on  inoreealng  the  drag  area,  at  the  higher  altitudea  and  tbua  inoreaae 
the  deceleration  at  higher  aXtitudee  and  bring  about  IcMr  velocitieu  at  the 
lover  altltudee.  Several  modificaiione  of  the  misailea  flight  hiatory  have 
bean  treated. 

(1)  Pexiait  the  miaaile  to  tiushle. 

(2)  Let  the  laiaalle  and  tank  structure  travel  in  a broadside  attitude 
until  a certain  load  limit  haa  been  reeohed,  vhereupon  the  tank  ia  Jcttieoned 
and  the  miaaile  continues  in  a streamline  condition. 

O)  Ptnlt  the  eectloD  joining  the  miaeilm  to  the  tank  et-ructure  (this 
section  hu  the  shape  of  a cone  fruatrum  and  la  hereafter  referred  to  as  a 
skirt)  to  travel  vrlth  the  miaaile  in  a streamline  condition  until  a certain 
loadi^  limit  ia  reached,  whereupon  the  skirt  is  jettisoned  and  the  miaaile 
continues  in  a etzaanllne  coxkliticn. 

(4)  In  addition  to  (3),  one  might  alsultaneoualy  decrease  the  entrance 
angle  (angle  between  velocity  vector  and  borieon)  ao  that  the  Increaced  drag 
operate*  over  a longer  distance  and  hence  a longer  period  of  time. 

(3)  Use  of  the  fact  that  tha  drag  eoeffioient  inoreaats ^rith  increas- 
ing angle  of  attack  until  it  reaches  a sazlaua  at  an  angle  of  attack  of 
approximately  (See  Fig.  XI).  The  miaaile  would  change  its  attitude,  and 
hence  the  drag  force,  in  suah  a manner  aa  to  follow  a prea^rranged  loading 
sehedula . 

Tha  criteria  of  sueceas  of  a euggaatec  method  were  that  the  final  velocity 
(velocity  at  an  altitude  of  approximately  4000  ft)  be  leas  than  or  equal  to 
16,000  ft/ece  end  that  the  loading  at  no  tima  be  greater  than  l^g'a. 

CHAPTER  II 

OOIC^UTATIOVS  OF  DRAG  OK  ICSSIU 


Section  A - gnvimwnental  Conditlona  snii  Aeauwptiana  of  tha  Cognutationa 

An  etxvlronmental  condition  that  should  be  es^hasiaed  is  the  complete 
lack  of  experimental  date.  All  the  conputatioiM  done  are  ba^d  on  theoretical 
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roeulta  arul  approxiniaticiia.  Therefore  reo'alt.;  oi  cc'o^.'ttationF  cen  only  De 
uced  to  guide  the  lirnau  of  Inveatigatlai.  One  sbo'iiu  i Kik  at  nusiericel 
results  as  onl;^'  giving  order  of  negnltude  'intil  craih  tire  au  ceritin  aasurcp- 
tiona  are  validatttd  by  expert aent . 

The  ccatifigvuviticMi  (geocetry)  asouxjsd  for  tivj  oporetioiial  laissile  (noce- 
cono-stirt  cc^iiMnation)  is  given  in  ilg.  I. 

In  cocKuicticrn,  where  the  attitude  of  tho  alecilo  changes  (l.e.  where 
idea  (5)  is  used)  the  lollowing  prearranged  loading  (angle  of  attack)  schedule 
war  ufsaned.  The  ai so  11c- skirt  «iombination  entera  the  atoriephere  at  an  angle  ' 
of  at  tech  of  SC®  and  c.aitinuos  at  tl'.ia  attitude  uittil  tho  load  is  approx  Inately 
14e'i3.  V.hcn  this  load  lirnit  is  readied,  the  angle  of  attack  changes  so  as  to 
!»intain  this  lAg  load  lioit.  then  the  etmaialine  condition  ia  reached, 
the  skirt  ie  Jettisoned.  The  ckj:*t  is  detached  at  this  point  beeauce  a load 
lijoit  of  li)g*c  liae  been  imposed  on  the  ayston  by  tieelgn  restrict  lone  and 
further  oo.ttln^ticr.  of  this  taitsilo-akirt  ccobiiie  in  flight  would  result  in 
loadings  higher  tiian  this  Unit. 

The  Kothod  thereby  such  a;>  oltit'udo-tine  Idfrtory'  is  attained  has  not 
bee;i  considered.  It  Is  entlciicrced  that,  hy  controlling  the  pocition  of  the 
center  of  gravity,  cne  eoold  c;>rrcxiffiata  the  assumed  loading  schedule. 

The  poosioility  that  the  nisailc  in  a chtnging  attitude  trajeetori'  night, 
also  rotate  about  tiie  velocity  vector  (nutote)  was  considered.  In  that  ease 
the  i-otar;.-  "ction  wae  neglected  in  .he  derivati«xo  of  the  ecxodyna.'nic  di’sg  and 
aorodyraanio  'aoment.  Since  tl*  ohtatlcmal  rciguler  velocity  was  liriited  to 
10  r.p.n.  by  design  re at riot ions,  it  was  felt  that  the  effect  of  such  nutation 
on  these  factors  would  b«  minor. 

In  the  case  of  a streainline  trajectory’,  it  waa  oosuiacd  that  the  skirt 
would  be  Jeitisoned  sh«i  e loading  llsrit  of  l*g*s  had  he«i  reached  and  that 
than  the  sdseile  vo'old  continue  ir  ito  flight  in  a streamline  position. 

Two  types  of  aarodynottlcs  arc  used  (1)  Newtonian  serodynnnics,  which 
asBunes  that  tho  air  is  a gss  coc^osed  of  discrete  particles  amd  that  the 
air's  drag  ie  produced  only  by  particle  collision  snd  (2)  coctinuo’uj  aero- 
cynajaics  which  sesunes  that  the  air  is  a centinuous  raedi’xa  and  hence  obeys 
the  laws  of  conventicnfil  ftarodynarr.icr..  Tho  uffoct  of  angle  of  attack  cn 
tha  oonveot  ional  oerccy-nRiiIc  dreg  coef  lie  tent  being  unknown,  it  woo  decided 
to  use  the  rot  10  of  the  oontlnuo'.L,'^  nerodynauic  drag  coefficient  for  a streen- 
ilne  condition  at  a si)ecd  of  ZC<,iXX]  tt/reo»  to  the  correspeoding  •iewtcnisn 
drag  coefficient  for  a ctreaaline  condition  in  order  to  convert  tljb  Hewtonian 
drag  coefficient  ys  angle  of  attack  curve  to  the  ccsitimioua  drag  coefficient 
vs  .angle  of  attack  curve  (see  lig.  II),  Thus,  if 

•♦''Thje  contin’Jious  dreg  c'jeffic.ent  at  20, COO  ft/coc  is  naaller  than  the 
contin'jous  drag  ccefficlent  at  23,000  I't/eec  and  hence  tho  former  was  chooen 
so  no  to  be  able  to  bracket  tbs  results. 
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R.  [CpC  Cant)jstreiiraine  thcr>[Cp(<t )}  - R [ C^{<K )}  !fe wt . 

I Cp(  Hevt)^5tr*afflline 

irfttro  C|j  is  th*  sjToboi  for  tlie  drag  coefficient.  ‘ TTiaG,  in  Jig.  II  the  lower 
curve  ia  obtained  merely  by  criltiplying  the  higher  curve  by  this  coriGiiant 

factor  R. 


Calculations  Indicate  tliat  P.  * 1/3.  Hence,  one  racy  reduce  the  total 
nuniber  of  conputetionc  necessary,  by  noting  tint  a nethoo  is  euccesctul 
using  the  cootinucuc  dreg  coefficient,  the  nsthod  will  also  be  sviccascful 
uaiuf  the  Hawtonlcn  drag  coefficient,  since  the  latter  rjearac  a larger  drag, 
btnea  a greater  deceleration,  and  henoo  a onaller  final  velocity.  fir<ilcrly, 
if  a nathod  fails  ueing  the  Newtonian  dreg  ooeflioient,  the  cvethod  will  also 
fall  ueing  the  continuous  drng  cooificient . 

Section  B.  - Ifathfid  of  Dmp  Coapi.t-fttirTi 


The  axpressionM  derived  fer  the  Howtonion  drag  coefficient  of  a simple 
cone,  using  the  maximum  circular  croec  sectional  axva  as  a basis  is 


(1) 


;;  As?-  ^ \ (sihat.  sm  0 } ^0 

riT 


-0^ 

where  h • height  of  co:ie,  ft . 

r • rediua  of  base,  ft.  „ 
c\  m angle  of  attccli;. 


/ * half  angle  of  cone 


-1 


*•  sin  “(CTiottan  /),  radians 


If  one  sets  a » staetand  b • cos«ttan  tlen 


(2)  Cp(*<)  =-^2LSikjt  f (a’s««*6^5a^byin*0  ♦ 3(xt»*sin0  + b*)<J0 
TTr 


Using  the  formulae 


j5in*eae=-;L„5e  i j5‘h*-0«J0=f  > jf.nQd©=- 

the  drag  coefflclunt  nay  ttten  be  evaluated  ac  a f4xictii.n  of  the  angle  of 
attach. 


cos 


The  mlsslle*’sMrt  ocoiblnation,  diagrammed  in  Irig  . I,  is  not  just  n 
cingile  cone.  Therefore  u rxxlifieition  is  introduced  in  order  to  obtain *iiie 
NewtoQian  drag  oocffielont  of  this  cperatioricl  missile. 


«This  expreasion  is  derived  in  Appendix  A. 
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l«t  cone  I be  the  raiGSilo  uo£ie  cone^  cone  II  toe  cone  froa  wiiich  the 

s*iijrt  Ifl  derived;  ccxie  311  the  'Jons.  tV'  reosins  ef^er  the  oklrt  hae  been 

resKved  Ttoxb  cone  II.  I,  II,  aiui  111  being  r iciple  oones,  their  drug 

coefficients  can  be  coeputed  their  reaps  xve  ph^-alcel  coaatante 

(dijaer4sions ) Jn  the  e^juation  foi  (ct ).  Iron  thoee  coefficients,  the  drag 
force  on  each  coiie  may  be  detemuned.  Hie  lirag  coefi  icient  of  the  oporational 
aiesil®,  diagraaned  in  Fig.  II,  ip  "hen  obtained  from  ihe  equation 

A ^ V*-  Co  (oi)  - Fi  ^ f ^ 

where  A*  ■ area  of  base  of  skirt  -ft";  i,  ««  drag  force  on  cone  I; 

“ cir  densixi  - elugs/ft^;  ij_  = drag  force  on  cone  II; 

V » velocity  of  nisolla  - ft /see;  -I ^11  “ drug  force  on  cone  III; 

Cj)'  =-  di'eg  coefficient  of  oporational 
nissile  (sec  fig.  II) 

Hav.'ng  the  drag  coefficient  as  a f^metion  of  , the  drag  force  can  then 
be  doterair.od.  The  lifting  force  doys  act  have  an  important  influence  on  t.os 
trajectory  as  far  as  velocity  'jffocts  are  concemed. 

The  ciffcroctia?.  e juationfi  to  be  Integrated  wre  c X“Fj(  and  n 2»F  - og 

where  nnA  are  cccaponanta  of  the  drag  force,  >:  and  i*  are  ccrcponen?3  of  the 
acceleration,  s Is  the  naas  of  tiiC  Oi4<retlonal  "dsuile;  and  g is  th®  gravita- 
tional constant,  rac  details  of  the  coaputntion  nay  be  found  in  Appendix  B. 

ClAiTEl.  ill 

COkH-'UlATluKAL  RSfULTS  AND  Dir-CU£f:iOIJ  OF  RESULTS 

Confutations  Were  artaTced  cn  t]«  first  idoa  - '^hat  of  permitting  tbo 
nisBile  to  ttuAle.  however,  errors  pjade  in  t’v?  derivation  rendered  ti^e  results 
wcrthleec.  The  roeults  of  oxich  a t ’rabling  calculation  would  j'leld  a final 
velocity  Binaller  than  that  yielded  by  tija  Gtref:nl-.ne  tr^jectorj  - for  the 
streaml  ine  trajectory  has  rainiauia  wetted  area  end  I.-ence  oiniaru  drag  over 
tie  entire  flight  path,  while  ths  tunbling  toy  inereasing  the  "wetted"  area 
would  permit,  o.  greeter  drag  to  be  experiencctl  at  least  part  of  the  tine. 

Also,  the  results  of  such  a tumbling  computation  would  yield  a final  volocity 
larger  than  that  yielded  by  using  the  chango-of-att..t'ude-to-ixrod'Jcc-a- 
prearranged-londlng-Echcdule  idea  (5)),  foi*  the  latter  has  msaimum 

drag  consistent  w-th  the  definition  of  a rucceosfcJ  run,  while  the  foroar 
will  have  a emaller  % -^ted’  area  pu'«?cirt  at  least  part  of  the  tioe  and  hence 
a saaller  Hvorege  rag.  Thus,  the  results  of  tussling  ere  expected  to  be  bracketed 
above  by  the  streamline  ros’ultc  and  below  by  the  results  of  the  changing  attitude 
trajectory.  Therefore,  computations oj.  the  tu’^blirg  idea  rere  not  renewed. 

Comr.'utctions  on  tl  second  idea  - tliat  of  permitting  the  miseilc  aivi  tank 
structure  to  travel  in  a ’■•roadoide  condition  - wore  performed,  and  the  results 
indicated  that  the  idea  i.uiled  for  the  final  velocity  was  too  high  (v  ^ 

19,000  ft/sec). 

The  (k^utation  Branch  of  Flight  Heseeroh  Loboratory  performed  I.B.U. 
ecoputatlono  on  the  following  trajectories: 
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-I 
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(1)  A *trta»lliie  tra^^ectojy  of  tte  operationU.  niaollo  u»inf 
Xtvtanlan  aerodjmaaios  with  en  entnaca  aagXa  of  23®. 

(2) ^  Thft  saxas  «b  (1)  f>xc«pt  that  an  entrance  anfle  of  14®  vaa  uned. 

(3)  A changing  attitude  tra^lectoo  of  thed^perational  aiaotlfi 
aaautting  tlia  loading  history  previously  dinoxiased. 

(4)  The  sane  ec  (3)  crceot  that  ccntlnuous  aerodyxiQnico  was  used. 

The  nunerical  results  of  the  ooEQjutaticna  or*  suamrlzod  In  Table  l.tp* 

These  results  indicate  that  the  streanllxM  trajectories  do  not  yAold  a 
sufficient  velocity  decrease.  Using  a previous  argunent  It  can  be  seen  that 
a eoc^tatlon  of  a streamline  trejectory  using  oonxlnucuo  acrudynanlos  would 
also  produce  an  unaucceesl'ul  run.  lbs  changing  attitude  tmjectorlss,  however, 
do  Indicate  sufficient  velocity  deoroaete,  even  though  the  sueceee  of  the  run 
using  continuous  aerodynamics  (uase  4 of  Table  1}  is  nai^lsal.  Here  one  could 
increase  the  nargln  of  success  by  using  a shalloW  entninoe  angle  so  that  the 
dreg  operated  over  a longer  period  of  tine  thue  yroduelng  an  even  larger 
velocity  decrease. 

t 

One  can  also  note  that  in  tbc  ease  of  the  two  changing  attitude  trejeetories, 
the  final  velooitiea  differ  by  a ecapsratlvely  stmll  aaount  (15,0-X  ft/soe 
aa  eonpared  to  14, OCX)  ft/see)  while  the  drag  eoefficients  used  differ  by  a 
factor  of  three.  Thia  would  indicate  that  the  final  result  is  not  artrongly 
dependent  on  the  drag  eoefficleax. 

In  Table  11  there  is  a tebilatXoa  of  the  angle  of  attsclc  va  tine  history 
for  e changing  attitude  trajectory-  using  Hswtonian  asrodynaaics  and  an  antrcnco 
angle  of  23®.  If  one  plots  cho  data,  the  shaije  of  the  curve  is  characteristic 
of  the  aasused  loading  scl^edule. 


Tine  (see) 

Angle  of  Attack 

0 10  19 

dO®  ;X® 

20 

62.5® 

22 

51®  4.L.2® 

;*> 

•-> 

33  3® 

2/,  25 

.-7.5®  2.^.7® 

Tins  (sec) 

26  27 

2^ 

29  yO 

ti  32 

33 

' Angle  of  Attack 

17.0®  15 

12.  G® 

10.0®  7.7® 

eO  ■}© 

u® 

TABLE  11  « 

Since  the  loadings  and  i etr.erutui-eo  experienced  by  oi^ratlonid  Taleeile 
are  proportional  to  v<^  (by  oscurji^tion),  tlicse  probleas  have  been  reduced  by  a 
factor  of  about  by  the  reduction  of  the  velocity  fax3in  the  origlxjal  23,000 
to  the  final  velocity  of  1$,^00  ft/seo.  liow  the  problem  of  surface  erosion 
would  be  affected  ic  unknown,  b-jt  presuaably  Iho  rate  of  surface  erosion  vsuld 
be  saallsr. 

I 


cpr;Cj:T 

■ . u.,  » 
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StCREl 


u 


C&M  (1)  - Strcanlizw  TrajMtoxjr  * Novtonim  dng  coefficiintt  **  fiatrtnec 

I 

Crgputid  PBMity 


Angle  of  23® 

IXsta. 

Altitvda 

¥.AiQ0m 

liUUl 

0 sac 

340,000  ft 

23,000  ft/aeo 

1.00g*8 

. 28 

76,572 

22,565 

13.3 

29 

67,098 

22,136 

1.22 

36 

1,656 

20,9«7 

15.53 

Casa  (2) 

- StreaBline  Trajectory  - 1 

Angle  .of  14* 

0 sec 

340,000  ft 

23,000  It/etc 

l.OOg'p 

43 

72,406 

21,391 

15.40 

44 

66,030 

21,397 

1.33 

54 

2,090 

19,761 

13.68 

Caae  (3) 

- Angle  of  attack  changes  ' 

Entrance  angle  of  23® 

0 oec 

340,000  ft 

23,000  ft /sec 

. .95g's 

19 

165,513 

21,762 

13. U 

34 

55,609 

15,3ofi 

14.24 

35 

49,024 

14,931 

1.07 

41 

3,540 

14,295 

6. -.3 

Caae  (4) 

- Angle  of  attack 

chanires 

Entrance  angle 

23* 

0 sec 

340. OOC  ft 

23,  XK?  ft /sec 

996g' 

21 

136,266 

22,052 

1.40 

34 

37,964 

ic . 506 

U.24 

35 

30,  a'i  2 

16,105 

3 11 

39 

3,C.-^7 

15,49^- 

7.9'/ 

4 I67xl0'^alugs/ft^ 

1.015*10“^  Skirt  ra^Mtad 

1.597x10"^ 

2.274xlCr5 


4. 167x10“ 'aluge/ft^ 

1.234x10”7  airt  rajaatad 

1.660x10“^ 

2 24ox10*3 


4 . 167xlC'’*^8luge/f  1' 

1.941x10  Change  of  angle 

of  attack  bagina* 

2.7C4xlC''^  Skirt  rejected 

?..-':V9xlD-'^ 

I5vxic"^ 


4.367xlO“^Blug»/ft^ 
ij.SfxlO""  • Change  of  angle  I 

of  attack  begi 
t>.S29xlO~^  Skirt  rejected 

8.261x10’^ 

J. 157x10“^ 


Sunner>-  of  liesults  of  TraJector>  CoDputatiosa 
TABLE  I 


*Prlor  to  and  including  the  ti'ie  .ndicaxcd  tiie  angle  of  attack  has  been  held 
constant.  Aftervarde  tiie  angle  ui  attack  begins  tc  change  co  aa  to  keep  the 
prearranged  loading  schedule  already  di»cut»F3C, 
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Ca/iJ'TER  iV 

DI5CU&SI0:J  01  (XNTiiOL  Cf  /JIGIE  J}-  .\TTACK 


I'ectio?.  A * T>jg  Aerodynrt^iq  Mnront 

raccessl'xd  rune  thoc;re'ticnlli  cnn  be  achieved  provided  that  there  ic  thio 
ability  to  control  the  an#;la  ol  attack.  In  a L-enae  therelore,  the  probler.!c 
nnntioaed  crif;i roily  hove  been  replaced  by  vhe  siaple  problor.ol  control.  IJotc 
that  this  does  cot  rrean  that  loadiit/?  o-’-d  te-njcrriUo'e  lirobleiTij;  sro  conpletcli 
renoved,  but  that  they  are  reduced 

Pince  tlie  problcia  cf  controlling  the  anffle  of  aituci:  con  only  be  rolvod 
if  njch  nore  decign  deta,  «a  e.g  the  ve^pht  dietribation.  :c  evcilable.  only 
general  or  order  of  nagnitude  stntecieutE  about  thii;  pr-jbloir.  vill  :»c  fVide  'n 
th.fi  It- port . Jeeauec  of  viiio  fae  . m.ny  asKunipticiiE  a.;d  bL»c’ 111  icai.  .one  >. ‘11 
bo>  uade. 


Tne  Qc-rodynanic  rorjont,  nnich  terde  t:  otredtriine  I he  a''ituao  of  tiiC 
cfcrat-onal  nioeile,  is  a luir’-  cl  th.t  control  i rotien  I,  .-t  .tslciur;  • ccs^pctt;- 
tiuii  of  thio  aoneat  for  a cone  at  an  aogla  ci  nttach.  of  90®  waa  mfide’  TlJs 
bl-o.-idside  conJicion  vac  teed  beet  ace  (1)  the  ccit;  .itut  ion  rrs  t’r:;,llf.ed  and 
(.  ) the  cerrp  ited  nonent  for  fiiie  concitivin  v.c.*id  le  cloui  to  the  'ia;  iiiir..  vali.e 
cf  the  aeiTidynan.c  noaent . an  rn&  .roe  for  the  dreg  cceff  Ic 'ent . and  (3) 
cifl;  order  of  negnitucio  iogjIio  tierc  'if  ir.tereo-L 

Kewtcnlan  aerodynaailcfc  ic  used  to  oc*up-it»;  th..s  scrodyr.cn.c  rt^ent.  To 
compute  the  noTijent , M,  for  a simile  core,  on*^  iViS  to  enny  te 
where  the  Integrcticjii  .s  iierlbrjnod  over  t.he  ’wette'"'"  surface  area  ol  thi*  co.te, 
is  B vector  fron  thie  canter  of  rotation  tc.  tiie  sitrlace  area  ele-'cnt  da,  en.d 
is  the  force  on  « curface  area  elsoent. 

Now  7^-  Mg,  V * /^jj,  y + 


xroin  tlie  s:,T;cietry  properties  of  the  cone 
Therefore 


' A7  - /n,.  3 A?,,  = Jlr’^  <^0.  f Jjj  J ^ 

where  ij' , i',  C^a.)y'  and  arc  ccruponente  cf  "r  a:ic  F^g 

resiectxvoly.  Uelng  tne  geocetiy,  and  nctLif;  tiisi  i'=Z-iL^  aitd  that 

R-  (h- *)  on©  cbtoina  tie  following:* 

+ ^ (>'»''■  [-5mH  tan4>  J Cb- E + e©) (M- e)  d J 

»The  derivation  of  this  expression  can  be  to>xi\i  in  Appendix  C. 
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whei^  ti*e  convention  tliat  s torsj  .c  a countercloo5c*ir.e  rotation  ben 

Cl  poeit  ^.ve  tdgi:  has  been  ucieptod  and  v»r^re  in  tro  distance  froia  the  base 

of  the  cene  to  the  Qm:u3®d  cantor  of  rotctio/i. 

iVain  mL:dlf‘’C’itionR  Ri’c-  :tndr  bccsii  r,o  L;o  ojerotional  ti-t’oiie  ia  not  jv-ot 
p siir.L'le  cene.  Tlio  reeuito  cbtalucid  for  varloas  centers  of  rotation  nre 
liR'-en  below; 


11  t *!  'r\ 


]^Vvk»  vil 


flrpflnt 


Ceater  cf  Cr-ivity 

J «’>c i i'jn  of  kiri. 
nnd  Ccjie 


-12 a:  ^ v' 
-455  ^ t** 


Center  of  hreas.-re 


ii.r' 


rortioii  - - Itl££;i^sioa 

It  buft  boor;  rtatud  irevlour.!^  tliPt  tJx*  thnl  .ho  roiccllc  •wj-ld 

liavG  n ;v:c£ition3l  vcloclt;.  ro’old  be  consicorci' . .''.ch  a velocity  hac  an 

asscciatec  cor:  r'^Cval  force.  Cbic  coape  rc".*.  cX  th:.:;  force  prodjcofi  a centrl- 
pottl  i‘0':;:or'nr  lirooent,  vh'.sc  .'!Ku’ni''uf e *.c  where  t ie  t’-.e  rate  oi 

m,tri*tnn  in  iv-dianc./ccc  arid  la  tho  :-rjd:ct  ;f  h-'cr'i.a.  In  ccdi-rting 
I'x:  orjcre : io-'.nl  ’air!/?-  «,hs  re, laced  'ey  c urilloi’i..  aol..t  cone  h2vir.,7  the  ea-jc 
weiebt,  satae  half  airhla  an  the  .nicsilc,  ami  h.ivirjg  o center  ol  gravity  whoao 
dlci.e;:co  froc;  tnc  rli.  of  tnc  c.nc  1~  ■‘'cc  ceiic  ao  t'lC  dvstar.ca  bctT;ec.n  thic 
oe.'.tcr  of  s^ravlty  aid  jpo.  ol  the  !irx*^niti:rm!'  In  I/c.  I the  len|fth 

o.f  thio  cote  l.n  ^ndioaloc.. 


X~  ^ ^ Mn oc 

Z ='5i>  d»t3  cjC 


i-g.  Ill 


:v'6P  for  Lotertiln.'rig  Jly^, 


*The  uerociinuiTiic  for  ^ tends  to  decroa.se  (onglo 

of  attnclc).  /.  rectcr..nE  vouor.i  Is  sn.e  tending  to  Incrc^ee  “*•  . 
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The  product  of  Inrtia  la  then  J jCE  dm  » ^ J x i Jv  ' 

vbart  la  tba  deoelty  of  tbe  unifora  oooc  aiu!  the  Inttfration  le  parforaad 
«var  the  voIum  of  thia  unlfom  oooa.  The  coordinates  (X,2)  and  their  ralation- 
ahip  to  the  bod^‘  eoordlaataa  of  a oaaa  point  of  the  eooe  are  deflmd  In  the 
diagraa.  The  cooter  ol  the  body  coordinate  a^'eten  ie  tahan  to  be  the  center 
of  rotation.  Tba  y coordinates  In  the  teo.oyatess  i.e.,  y azul  Y,  are  not 
Indioatod  for  they  tro  tbe  saae,  I.e  y «•  Y. 

lorco  ■ 10  r.p.B.,  the  limiting  ruttilcDnl  eng'-i^r  Tcloeity,  tbe  restor- 
ing mcMnt  bac  a oagnituOe  of  15^2  a In  Zot.  (slug  ft^},  where  the  center  of 
rotation  has  been  taken  to  be  tbe  confer  of  gravity  and  wixnoc  is  the  sxigls 

of  attack. 

/ 

Another  force  tending  to  produce  a torque  wblcJ;  Inereaaes  the  angle  of 
attack  la  the  incrtlnl  force  i.e.  the  inaction  to  tbe  drag  force.  The  oagnituda 
of  thin  force  lu  Hal;  U ^a  tbe  aasn  of  the  cone  in  aluga;  a is  tbe  deosleratlon 
1x1  ft/aoe^;  snd  1 le  the  perpendicular  diatsnee,  in  feet,  between  the  center 
of  xotatloo  and  the  center  of  gravity.  The  center  of  rotation  shall  be  taken 
to  be  the  center  of  gravity  throughout  the  flight.  Bence,  this  torque  has 
zero  oagnltude. 

It  night  ba  that  the  center  of. rotation  does  not  oolnoide  with  the  ^mter 
of  gravity  throughout  the  flight,  but  th..s  posaitllity  ahall  be  Ignored  In 
view  of  the  policy  of  finding  the  order  of  oegnitude  of  desired  rceclte. 


As  an  ezasplc  of  these  order  of  aegnltude  results  that  con  be  attained, 
eexosider  the  folloviog:  Let  the  mlesiXe  have  an  angle  of  attack  of  ^ abd  a 

nutating  angular  velocity  of  10  r.p.a.  Tbe  center  of  xxrtation  le  taken  to  be 
the  Centex  of  gravity.  Assuaing  that  the  aarodynamlo  ocnant  for  the  oO^  and 
90°  anglea  of  ettaok  ere  nearly  cqi^,  (in  t^  BSLoa  of  order  of  aegnltude  coopu- 
totiono),  the  aarodynaofe  anwsnt  is  v for  this  80°  of  attack. 

the  xrwetoxdng  noaent,  ie  than  531  slug/fi*'.  Aseualng  that  v**^5  x 10°, 
f>~r  acxx>dyoaalo  moeient  to  balaxMf  the  restoring  aooent,  1245  x 5 a 

• 53l  or  ^ ■ 8.5  x 10"1®  #l\ige/ft^.  This  deneity  corxreapoade  to  an  altitude 
of  approxi^nelj  390,000  ft.  / 

fven  though  this  calculation  is  extremely  xough,  it  indloatee  that,  for 
the  major  pert  ol  tl^  teninal  portion  of  tba  flight,  the  restoring  .’oexsent 
would  be  lews  than  the  eerodynesde  Doaent  and  henoe  ocy  be  ueed  to  ' c.' j centre: 
the  angTe  of  attack. 

CBAFTiR  V 


CONCLUSIOUS 


The  coaputatlone  dieeueaed  in  this  repox*t  are  based  bn  theoretical 
rceulta  snd  epproslsia tiers,  so  that  results  can  only  be  ueed  to  guide  the 
lines  cf  investigetlon.  The  report  is  to  be  coneidered  as  the  Initial  phase 
of  tbe  study  of  the  feeaiblllty  of  reducing  tiie  velocity  of  the  missile  still 


by  having  tht  miaallo  ex^^rieiuse  hlght.  Tag  in  lees  denre  v-crlions 
of  the  atrnesphere.  recolto  of  tiie  oocrautwiions  Jisciifsrud  i;.*  chie  fc^on 
ceen  to  hudioate  tlmt  tJ.c  desired  result  con  be  attained  c*'d  herco  f-rther 
investigation  cf  the  problon  eho tld  proccad. 
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AFPEKDIX  / 


nsaiVATicH  01  mftC  iorcb  st,UAi . 

The  nloGilo  is  aac^aaed  to  he  otending  still  wi'  ne  air  aolecules  all 
having  a volocity  t;aal  and  oppoeite  to  tho  veioci'  ,*otor  of  the  aiarile. 

It  ia  ansjrsod  that  (1)  the  clejaent  of  ferese  acting  the  siissiie  la  the  tiiae 
rate  of  change  of  rx^nentirr.  along  the  ncraal  to  auj*facc  erea  elciacnt  and 
(3)  each  nclocale  colliding  with  the  mcoilo  haa  it?  direction  altered  oo 
that  its  new  volocity  vector  lies  in  the  plcjie  tangent  to  the  siTfoco  at  the 
poiiit  of  collision.  It  canacquencc  of  these  two  oocicnptionf;  only  the  an;:nl  ou3iic.« 
of  the  initial  ’/eloeity  vector  need  bo  oonsldored  in  the  derivation. 

If  'f  is  tljo  angle  between  the  plane  jcrpendicular  tr  the  velcxiity  vector 
and  the  noruel  to  the  surface,  then  ✓ sin  is  the  coK^icnt  of  velocity 
along  thle  norurtl.  Fr.rthersoro,  tlie  urojoctlon  of  this  nomal  coriixinent  ento 
tive  original  velocity  vector  ic  the  only  cojq^ent  ccaitributlng  to  ti»e  dreg 
force.  This  projection  hao  aagaitude  / . If  is  the  dolivearod 

per  ojiit  tine  on  a surf  ace  area  elcLient,  da,  then  Wjvn»i*’f  is  the 

drag  force,  cm  t'juch  an  area  clenent.  The  angle  is  now  to  be  detemined 
ac  a I'uictioia'^of  angle  of  attack  aiid  pocitioo  of  the  area  element. 

Consider  Figure  A-1.  In  it  thiO  lines  (o,10),  (6,11),  (5,li)  and  (;j,4) 
are  parallel , Also  the  lines  (5,c)  and  (11,L?)  are  j^arcllel.  The  calculc/tior 
of  T ns  c function  of  and  © Cali  nonr  p'roceot.,  where  c<  f •c'.TVg 
being  the  angle  of  attcch. 

let  the  distance  between  tiv)  points,  p and  q,  be  denoted  by  d(p,q). 

In  particulci*  lot  d(l,C)ah,  h being  the  altit’idft  ' . .yj  cone.  Mo» 

Sm  *f  = JF^ 

dL(2}(») 

First  d(5,6;  ic  deterciined: 

= c%s-<  ' J (t,S)  5in  Oj  ” cw-  raoK'-^to^<^s^a  e] 

Kext  d(3,6)  is  determined:  , 

4(.3,C)  =hsec4 +»«(»>-.*)  ^ fcseci 

l + lan*' 


-But, 

Cr 


Tan  r ^ iillil  r ' 

h V, 


Ta<n«<* CSC0 -1~<vyv.4>  _ 

\ t +an«<'csc0|ain4> 


* 

\ 


e 

SiVj©  f ‘fdj»t.oc'’f’arv^ 


therefore 


d (if*®) 


Qsin  0 ♦ ) 

sec^ 


or  finally 

3 cos ^ (ctos«<*  yiVi  O4 +an4>  SM"<^ 

1*0  detemiiw  the  misa  tra»ujier  on  the  trlazigular  arcn  olcractit  whuae 
center  line  ia  (1,6),  cive  multiplies  thje  cocpoocnt  01  velocity  along  tv« 
aconoal  to  tho  surface,  the  area  of  the  tricngnlcr  element,  niia  the  air 
density  at  the  altitude  of  the  dcaile  i.c. 

Mo  ^ d /I  =■  ^ A*  sec^  r dO 

The  eleiaani  of  force,  f ic  then 

sec^  sin*'f  d© 

Subst  ituting  tha  derived  eyprocelcxi  for  bin  *f  into  one  K;e  for  the  element 
of  drag  force: 

k r sec^  (tos ct.* situ  © + s/n-c 

Hence  the  total  force  ir. 

F=-^  Urcos^-f  J ^ 

where  ^ it  a Ijaiting  angle  end  ie  given  by  the  e j,.'^tion  s»ri  = 


To  prove  this  et^ctinn,  consider  lif-iftj  n-?.  Ihe  point  i-  bloects  the  lire  A3. 
wh.loh  is  dravTi  fixn  A parallel  to  the  velocity  vector  "v^  . A line  is  dro«* 

frocQ  tho  apex  of  the  cone  to  F and  then  extended  'jntll  it  iritercecte  the 
base.  Then  t ie  tho  dirtanoe  from  this  point  ol  interoccticn  to  the  center 
of  the  baco;  h la  t^le  height  of  the  corsej  r is  the  mdiuo  of  the  base;  ^ ie 
the  half  angle;  ie  the  angle  that  the  plane  pcroenuleular  to  the  velocity 
vector  taahes  witli  tlie  axis  of  nymetry  of  Irje  cone;  tmd  <S~  in  ti«  onglc  between 
the  eyrxaetry  axle  of  the  ceno  and  tlte  line  joining  tho  upex  tind  F. 


The  proof  then  f oilers : 


(1) 

finx' 

(2) 

(3) 

-k 

% 

(4) 

X 

Jr 

(5) 

coi^-^)  Co5(«x-4>) 

= W s€c4>->^  = rctn4  = r 


c^«*V  4>) 


CoSk' 


CoS«<'cOsC«-4') 
y-  cosd> 
CoS(y'_4>) 


r siryx'  s»>t4^ 
fo5x'  ces(x-^) 


U 


c^L'-pr'T 

xv’  i V ...  ■ 
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r>p 
1 *•' 


(6) 

(7) 

(o) 

(9) 

(10) 


— r * 

K-  I ■=rCci'w<^--f£ur\ oc') 

CoS.Ox'-*  O')  _ , j.  _ / 

1- =P  CoS«^  cTrj6^-  SiKiat ;■  ~ 

Jj  _ I K Sino<f  Sth 

I 

c+M  <r  = ct»\  4 
i-  - -fa/»  <T  = foy^oc' 


,,  , c A ~ i-  - ^"^OLYXeC* 

(11)  sme^-  ^ 


"Mg  coTnpletes  the  proof. 

If  is  the  angle  of  E’.ttiCic,  noting  tiiai  pi-t  u'  = ^ • 

C M =7^^  A^p^ti.  /j.  -t 

^ ^ ' /a  ~TT  r J (s»«ot^/r»  6^^  cos«<  Tarj  ^ ; OW 

■ 


»nere 


.=  S<Ki  'Cci^^^oc 
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CaCACnTT  FOR  DBTBOCNIJIO  ^ 
FJg’-o'c  A-1 


Ca'JffiTKY  f OR  DmaaNIRG  eln  0^  = 
F.Q«T-t  A-  2. 

^ 16 


;t 

6».5e  Cone 
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APPEKDtX  B - 

DETAILS  or  TRAJECTOJa  CcWuTATION^ 


Now,  since  the  drag  force  for  any  angle  of  attcclc  can  oc  determined,  one 
can  deteraine  the  dec«lei*ation  at  any  time.  Integrating  the  deceleration 
yields  the  velocity  ai«3  a second  integration  yields  the  position.  The  vector 
dlfferontial  equation  is  n'oiaerioally  integrated  In  cociponent  fora.  These 
component  equations  are 

where  the  (i',V)  are  eooponents  of  acoelerationj  (f  , are  cocrxjnantc  of  the 
drag  force,  each  being  given  the  proper  slg^,  n ia^tho  MBs  of  the  core;  and 
g is  the  gravitational  constant  32.2  ft/aeo*^.  ?incc  T,he  only  coordineie  of 
interest  la  the  altitude  of  the  mlocile,  only  the  equation  in  2 is  integrated 
twice . ^ 


A tiae  difference,  tj^,  ie  assumed  for  the  numerical  integration  - for  the 
coeaputatlons  discussed  in  this  report  tjj  was  taJeen  to  be  1 second.  The  initial 
conditions  taken  are  v^  « 23,CX)0  ft/sec;  • (23®;14®);  2q  ■ 340, OCO  ft;  , 

Xq  ■ 0;  and  <<  This  inplies  that  the  initial  velocity  components  Xq 

a^  Uq  nre  ■ v^  coa  and  4^  ■ v^  sin  oooputation  now  proceeds: 

^ ^ ♦ JL  ^ 

(1)  Compute  V*  = -*■ 

(2)  Compute  Fo  = (*o  ♦ ^ 

(3)  Coarputo  '^0  - 


(4)  Corel:' 


( 5 ) Compute 

(6)  Compute 

loading  in  g's  = |^  rr 

(7)  Compute 

^,  = K* 

(H)  Compute 
(9)  Compute 

" -t 

(10)  Compute 

kf  * if 

(11)  CcmpiJ'fe 

Tlie  stages  (3)  thiro  igh  (9)  are  then  repented  for  the  second  (and  later) 
time  inter'.als.  Tlie  ;roblca  is  then  to  e'etermino  v/hore  n -t.  a 

running  index.  (The  cOinputations  enJ  when  r.u  eutitude  of  f.hv,'jt  4,000  feci, 
has  been  reached.)  in  the  case  of  a strea;.tllne  trajcctoiy  CpC>^0)  rr  CpC’^t,)  = Cj(o) 
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r' 


1 


c 


for  all  n . In  the  csbo  of  o changiJi^g  sttlts^de  trajectox^  tiie  auxirruin  val’je 
of  C>Ck^  »cs  ueed  antil  a load  lisiit  of  14k  *c  been  j'CQchcd.  At  thic 
Tjoint  tlKv  ccr_7*iar,ljii6  were  modified.  Tl'io  drag  force,  I,  vas  thon  assuiaed 
to  liQVO  a cooetant  value,  J*  , oo  that  ilje  load  voa  cloee  to  f/ot  less  than  the 
15g  load  liicit.  Kneeing  , then 


eae  computed.  The  correepondlng  enc  then  ceterriined  fror.i  t!.o 
Cj'  VC  o*  . rule  co^ld  be  done  easily  cince,  for 
ic  a njonoton'enily  increasing  function  of  . Tlie  volucr  of  **  1 
Table  II  for  t^l9  were  detenrlncd  in  s ich  a nanner. 


/jrap'h . of 


uppoce  that  at  t » nty,  the  loading  is  otou\  I4g  - 

« 


I . j 


Compute  2^  ■}  9 


rijon 


(1) 


K 


= 'c 


(5) 

(4)  X,„  = <5ki 


r***i 


(b) 


.e. 


TI’ls  sample  of  tla*  calculations  illustrater  the  procedure  which  ;ms  used. 
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Appaoix  c 

DBRIV/TION  OF  ICIflUT  ABOUT  A LINE  ^ZEPiMlItULAR  TO 
THE  fy.lS  01  STlilETHY,  ANCLE  OF  ATTACK  Ci  VO® 

Let  the  coorflinate  e^/atca  fixed  in  the  ocne  be  z')  oxe^^ 


iifurc  C-1 

{!’,  J',  k')  lc3  unit  vectors  .p  the  [x\  y' , i.;')  directions  re.vi«ct ivel;. . 
A vector  ^ can* then  be  written  ae  ^ 

Let  bo  Q unit  vector,  nor^anl  to  tJie  narff.ce  rsnhi:i5  ur.  an^lc  Vtn  tne 
z*)  plane  and  let  the  irojec'ion  cF  thio  vector  ent^  the  (x*,z')  pin:;Q 
make  an  angle  ^ with  ti*  x axie.  1/otc  t:nt  the  plane  is  lii  tnio 

case  the  place  perpendicular  to  tr  , the  vulocitv  vector.  Now 

?f*«  cat.y  ca«;9*  t % 

Let  a point  o.n  the  surface  of  the  cjnc  be  ^1  the  coor'dinntes 

(x',y',z').  The  cone  ie  now  sliced  into  circitla/  cloncritf;  by  planes  vcr^jHal 
tc  the  base  of  the  cone.  Ilxs  radius  of  tiie  rii*cular  olcr^irt  on  w/.xch  .no 
point  (x',y',z*)  appoers  Ic  given  by 


where  ^ xe  the  half  angle  of  the  cone. 

Let  the  point  (x',y',z*)  be  the  center  of  nren  clc:.ia.'it  d;,  t-hich 
obtained  by  dividing  .t.he  circular  eleiacnto  further  jy  n'lp.dar  subdlvc  cans. 

If  0 io  the  angle  which  the  raJicl  vector. ir.  tic  piste  s'  *■  cuerteuty -..o 
da,  tho  area  element,  makOE  with  tlw  x'  axle,  tf>2c  tan  0 - xj.* 
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in' t- 


i 
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C”be  the  angle  between  the  u*  axia  and  the  projection  of  the  norral 
to  do  onto  the  (x',r')  plane.  The  angle  Is  now  to  be  determined.  In 
fjp.  C-.. , r and  b lie  in  the  plane  cf  the  circular  cross  section  and  hence 
ni'o  i)orf<.*nciculfir  to  t.he  s'  axis.  Also  note  that  b » r cos  Q. 


CBDUSTF*/  l Oh  DSmaHNINC 

I Iguro  C-? 

The  angle  between  r and  n,  by  pjropertiea  of  a cone,  is  In  right 
triangle  DLC,  c ■ r tan  0.  hi  right  triangle  ABC,  it  Ic  seen  that 


7a.n  - 


= See 


T)ic  length  of  the  line  AC  1b  given  bj'  the  expression: 

IACI  — *■  i)^  - 0 * 7a./i*^<^ 

Hence 

_ "tan  *p 
iin  c 


co5<r'  = 


cos 


e 


i COST'S 75!n*‘<^ 


Vcos*^  y 7cm V 

ih,’  Api-endix  A, 

Sin  ^ CO  s<f> 

Tiien  tlie  unit  vector  normal  to  tiie  surface,  n,  may  be  written: 
i Cos'^tr<Ln^4*  0 icoo'-O-^  Tin^ 
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Tills  dxi>resBion  may  bo  oinplifled: 

I — Stu  *0  COS^^  = f ~ C.O  S^<ji  •#•  C0  3*d  COS*^~  ^^cos  ^ CoS  <j> 

- COS**^  ca<i^O) 

•tile  oacpreseicn  lor  n then  becones: 

kT—  Cos^cofd  i'  coj^  sm  S ft, 

Now  the  nxyant  about  ilie  x'  cxio  can  be  coniiuted; 

The  element  of  force  F . , acting  on  the  areo  oloaent  da,  ic  t'la  change  in 
nomantum  per  unit  tine  along  the  norm!  to  da.  When  a nolocule  striket  da, 
it  if.  aueuiaed  that  (1)  the  coizponent  cf  the  noleoule's  acseniun  in  the 
direction  cf  n,  the  inward  drawn  noxnel  to  the  aiarface  of  the  ccane  ot  the 
point  of  collision,  la  trensf erred  to  the  body,  and  (.^)  tbtc  d-rcction  of 
transfer  ie  lilcng  n.  The  magnitude  of  ti'.e  aomantuin  tranti'er  for  one  mrolecular 
ccllision  la  ir>'  v sin  *f  and  In  dii-ect ion'll^  whci-c  n'  is  'the  mpc  of  a noleoulc. 

Therelv>re  *Voin  where  irolcoular  nass  deliver;,' 

;>er  unit  ti:ue  on  dt.  Then  Afo  = a ) ' <jj3ere  (uo)'  1g  the  projection 
of  da  onto  tiu-  (x plane  - n piaiie  norriol  to  the  velocity  vector  of  tljo 
co:ie.  Now  (da)  <9o'^  </«'  (oee  tig.  C-4  and  C-5), 


sink's  JO  Ch-aOdi' 


The  cou^onents  of  are: 

(A-s')dx' 


COMPCNZNT  Ol-  VELOCm 

THMiSimisD  mmc,  normal 

Fig.  C-3 
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DETEKMUaNG  AREA  CF  Am.  ELEMENT 
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V ) *mm\J  * S 4—  » 


Fig.  C-4 


i 


p V*'sih4  Sin*0do 

= =•-  ^v-^si»‘'4>-i-(i,^<^  © (W-z')  Az' 

iiilcc*i'-*-iii;  •..•-■~h  i'or,x?c-‘.  to  C:  ^ 

= ^ (y\~-h')*’Az*  + 51*^4*  cos<^ 

r ^ ^V*"  J-5»h*<^  'hiw4> 
r:^  nir^  ^«»54 


The  convcnticr.  Icr  aj^r.  that  be  ailoptcd  here  is  tJiat  a torque 

producing  a countercl ocVwlce  jK.'tion  is  ponitite. 

If  i.iie  origin  Ii5  ir.  the  Interior  of  t.*ie  cone,  then  tl«  coeputaiioa  again 


l ig.  C-5 

Note  that  the  contribatlcn  to  tuc  jnopsr.t  cf  (ss'-Cc)  ^^da)y*  changes  elgn 
when  o'  beconen  greater  whan  f.y. 

Tlic  reminder  of  the  eonputatlon  is  t>wn  foirly  straight  forward 
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THRU:  fiuiasu  of  Aeronautics 

Ttvy  Departaent 
Washington  2$,  D.  C. 

Consolidated-Vultce  Aircraft  Corp. 

Ban  Diego  Division 
Attm  Mr.  M.  Rosenbaua 
San  Diego,  Calif cmia 

CoosoUdated-Vultee  Aircraft  Corp. 
Attn:  Mr.  Z.  S.  Brown,  Ada.  Zngr. 

Fort  Worth  Division 
Fort  Worth  1,  Texas 

Douglas  Aircraft  Corporation,  Inc. 

Attn:  Librarian 

Santa  Monica,  California 

Fairchild  Engine  and  Aircraft  Corp. 
Pilot  less  Plane  Division 
Far»ix:gdale,  Long  Island,  K.  Y. 
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Glenn  L.  Martin  Company 
Baltimore,  Maryland 

Hughes  Aircraft  Corporation 
Division  of  Hughes  Tool  Company 
Attn:  Librarian 

Florence  Avenue  and  Teale  Street 
Culver  City,  California 

Kirkland  Air  Foroe  Base 
Attm  Major  R.  K.  CcUier 
Albuquerque,  Hew  Mexico 

Lockheed  Aircraft  Corporation 
Factory  A,  P.O.  Box  551 
Attn : Librarian 

Burbank,  Cal^/tmia 

McDonnell  Aircraft  Corporation 

Attn:  Librarian 

St.  Louis  21,  Ulaaouri 

North  Aotrlean  Aviation,  Inc. 

Loo  Angolas  International  Airport 
Lob  Angeles  4^,  California 

Northrop  Aircraft,  Ine. 

Attn:  Librarian 

Havtiiome,  California 

Office,  Chief  of  Ordnance 
Departiaent  of  the  Amy 
Attn:  ORDIR 

Washington  25,  D.  C. 

Rapublic  Aviation  Corporation 
Fanaingdale,  Long  Island,  New  York 

Reseerch  and  Dsvelopcaent  Division 
Assistant  Chief  of  Stsff,  Q~A 
Departraent  of  the  Amy 
Attn:  Developcaent  Branch 

Washington  25,  D.  C. 


/ 


7 ^ 4/  -^/ 


